Introduction
============

Post-stroke depression (PSD) is defined as a depressive disorder that occurs after acute focal cerebrovascular event, that is, in the context of clinically evident stroke. It is a severe and frequent stroke complication, considering the fact that depressive disorder develops at some time after stroke in even 33% of patients ([@r1]). It is well known that patients with comorbidities have worse functional outcome after stroke ([@r2]), and that major depression is one of the crucial factors for rehabilitation and life quality after stroke ([@r3]). Yet, studies have shown that mood disorders most frequently go unrecognized and untreated ([@r4]).

However, establishing a depression diagnosis is usually complicated in patients that survived stroke. This particularly refers to the acute stroke stage, when patients have a tendency not to regard their mood disorder symptoms as part of depression, but rather deny it or somatise and interpret them as the stroke sequel ([@r5]). PSD in the acute stage may have a different mechanism of occurrence in relation to the subacute or chronic phase, thus their phenomenology, pathophysiology and risk factors should be examined separately ([@r6]).

On examining negative repercussions of PSD on patient recovery, it is important to recognize those patients who are at the highest risk to develop depression. Research regarding risk factors for the occurrence of PSD that has been done so far shows that the biggest emphasis is put on the localization of the cerebral lesion as a specific clinical entity related to the focal damage of neurotransmitter pathways ([@r7], [@r8]). Much less effort has been invested in the study of the other potential risk factors such as socio-demographic factors, environmental risk factors and clinical factors, with the study results done so far being inconsistent ([@r9]-[@r12]). In the light of this, the aim of our study was to examine all the potential risk factors and determine the independent predictors of early-onset depression after first-ever stroke, which would help identify high-risk patients, establish early diagnosis and timely treatment, thus improving the course and prognosis of this disease.

Patients and Methods
====================

This prospective single-centre study included 60 patients over 18 years of age, of both sexes, who were treated at the Department of Neurology, Clinical Centre of Vojvodina, Novi Sad, Serbia, for their clinically first-ever stroke. Research was conducted over a 6-month period and completed in early 2018. One group consisted of 30 patients not diagnosed with depression in the acute phase of stroke. The other group consisted of 30 patients diagnosed with depression two weeks after the stroke.

The study was designed and conducted in accordance with the principles of the Declaration of Helsinki and approved by the hospital Ethics Committee. A written informed consent was obtained from the patients.

The inclusion criteria were first-ever symptomatic stroke (ischemic or hemorrhagic) verified by brain computed tomography (CT) and/or brain magnetic resonance imaging (MRI), and the Mini Mental State Examination (MMSE) score over 10. The exclusion criteria were the presence of previous physical disability due to other neurological, orthopedic or rheumatic diseases, impaired consciousness, sensorimotor aphasia, severe somatic disease that would prevent patient follow up, and suicidal ideas.

The study included collection and analysis of the following socio-demographic and clinical risk factors for PSD: gender, marital status, education, employment, financial status (satisfactory or unsatisfactory), place of living (urban or rural environment), a significant negative event in life within six months preceding the stroke, the presence of risk factors for cerebrovascular diseases (hypertension, diabetes mellitus, hyperlipoproteinemia, obesity, heart diseases, smoking, alcoholism), previously verified depression disorders, previously verified other psychiatric disorders, positive family history for depression disorders, positive family history for other psychiatric disorders, characteristics of brain lesion (type, location and size), the presence of silent strokes and presence of cortical and subcortical atrophy.

During hospitalization, in the acute phase of stroke, all patients underwent brain CT and/or brain MRI. Neurological, neuropsychiatric and neuropsychological tests were performed in all patients two weeks after stroke onset (to fulfill the ICD-10 diagnostic criteria for a depressive episode). Depression was diagnosed using the Mini International Neuropsychiatric Interview (MINI), (Serbian version/DSM IV 4.4), which is designed as a concise structured interview adapted to the diagnosis of depressive disorder in both the DSM-IV and ICD-10 classifications. Depression severity was quantified using the Hamilton Depression Rating Scale (HDRS) that provides a quantitative measure of depression severity in a patient already diagnosed. The shorter version of 17 items (HDRS 17), which has always been much more used, quantifies the severity of depression so that scores 0-7 mean no depression, scores 8-15 mean minor depression, and scores ≥16 mean major depression. Cognitive impairment was assessed by the MMSE. It is the most widely used instrument for the evaluation of intellectual efficacy disorders and presence of intellectual deterioration. It consists of 11 questions examining different cognitive areas. The total score ranked from a minimum of 0 to maximum of 30 (no cognitive deficit), where cognitive impairment corresponds to score ≤25. Neurological deficit was assessed by the US National Institute of Health Stroke Scale (NIHSS).

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS (v. 13) statistical software. Data were analyzed using basic descriptive statistics, such as absolute and relative numbers, arithmetic mean and standard deviation. Statistical significance of differences in the obtained results was assessed using Student's t-test and χ^2^-test. Association of interval variables was analyzed using Pearson's correlation coefficient.

The multivariate binary logistic regression analysis was used for detection of statistically significant independent predictors of PSD. Information on the occurrence of depression was used as a dependent variable, and risk factors as independent predictors.

Results
=======

There were more women in the group of depressed patients (53%), whereas there were more men in the group of non-depressed patients (77%). This difference in gender distribution between the groups was statistically significant (p=0.034). The mean age of women with stroke who developed depression was 63.1±6.6, whereas the mean age of men with depression was 61.1±7.5 years, and this difference was nonsignificant (p=0.445). Most of the non-depressed patients were married (80.0%), and fewest were widowers/widows (6.7%). There were 53.3% of married patients and 36.7% of widowers/widows with depression. The difference in marital status between the groups was statistically significant (p=0.019). Differences but not statistically significant were recorded between the groups of depressed and non-depressed patients according to the level of education (p=0.156), employment (p=0.261), presence of financial problems (p=0.531) and place of living in urban or rural environment (p=0.605).

A statistically significant difference was found between depressed and non-depressed patients according to the existence of a major negative life event within six months preceding stroke (p=0.003). In the group of depressed patients, the most frequent life events were serious illness of a family member (13.3%) and death of a close person (10%), followed by divorce (6.7%) and conflict with a family member (6.7%). A single depressed patient mentioned court proceedings and tearing down a house with moving to a new house within the same area as a previous life event ([Table 1](#t1){ref-type="table"}).

###### Baseline socio-demographic characteristics in depressive and non-depressive patients

  -----------------------------------------------------------------------
  Sociodemographic characteristic   Depressive   Non-depressive   p
  --------------------------------- ------------ ---------------- -------
  Gender\                           53.3 (16)    23.0 (7)         0.034
  (% female)                                                      

  Age                               62.1\        61.7\            0.847
                                    (sd=3.57)    (sd=4.54)        

  Marital status\                   53.3 (16)    80.0 (24)        0.019
  (% married)                                                     

  Education\                        56.7 (17)    33.3 (10)        0.156
  (% elementary school)                                           

  Employment\                       80.0 (24)    73.3 (22)        0.261
  (% retired)                                                     

  Financial status\                 73.3 (22)    83.3 (25)        0.531
  (% satisfactory)                                                

  Urban environment                 43.3 (13)    53.3 (16)        0.605

  Negative life event               43.3 (13)    6.7 (2)          0.003
  -----------------------------------------------------------------------

Prevalence of patients is shown in parentheses (except for age where it is standard deviation).

Positive family history of a previous depressive episode that was verified by a general practitioner or psychiatrist was recorded in 26.7% of patients, whereas another 33.3% of patients were aware of the previous depressive episode based on self-assessment, which indicated that 60% of the patients with depression had a previous depressive episode. In the group of non-depressed patients, none of the patients had depression earlier. This difference was statistically highly significant (p\<0.001). In the group of depressed patients, previous depressive episodes were recorded in 56.3% of women and 64.3% of men, yielding no statistically significant difference (p=0.940). In our study, information on other verified psychiatric disorders was not obtained from any patient. There was a difference according to the existence of psychiatric disorders in the family; however, it did not reach statistical significance.

The percentage of all risk factors for stroke analyzed (hypertension, diabetes mellitus, hyperlipoproteinemia, obesity and heart diseases) was higher in depressed patients. However, a statistically significant difference between the examined groups was found only for obesity (p=0.014). Smoking and excessive alcohol consumption were more frequently recorded in depressed patients, but the difference was not statistically significant ([Table 2](#t2){ref-type="table"}).

###### Percent and prevalence of cerebrovascular risk factors in depressive and non-depressive patients

                   Cardiac disorder   Obesity      Hyperlipidemia   Diabetes mellitus   Hypertension
  ---------------- ------------------ ------------ ---------------- ------------------- --------------
  Group                                                                                 
  Depressive       53.3% (16)         50.0% (15)   73.3% (22)       36.7% (11)          93.3% (28)
  Non-depressive   26.7% (8)          16.7% (5)    70.0% (21)       26.7% (8)           90.0% (27)
  p                0.065              0.014        1.000            0.579               1.000

Prevalence of patients with risk factors is shown in parentheses.

There was no statistically significant difference in the lesion location between depressive and non-depressive groups of patients, but it is evident that in depressed patients, lesion was most frequently localized in the left (dominant) cerebral hemisphere. Patients with left-sided frontal lesion or in left basal ganglia were not found to develop depression more frequently than patients with localization in other supratentorial regions (p=0.969). Infratentorial localization of lesion was recorded in 30% of patients without depression and 10% of patients with depression, which is evidently less, but there was no significant difference either (p=0.107). The groups of patients did not differ significantly according to the presence of silent strokes, cortical and subcortical atrophy.

Cognitive impairment (MMSE score ≤25) was found in 16.7% of non-depressed patients (HDRS \<8), 42.3% of patients with minor depression (HDRS 8-15) and 75% of patients with major depression (HDRS ≥16) (p\<0.001) ([Fig. 1](#f1){ref-type="fig"}).

![Flow chart of patients with or without cognitive disorder in depressive and non-depressive groups. HDRS = Hamilton Depression Rating Scale; MMSE = Mini-Mental State Examination score](acc-59-81-f1){#f1}

In the group of patients with depression, 43.3% did not have dementia, 33.3% had moderate dementia (MMSE score 21-25), and 23.3% had moderately severe dementia (MMSE score 10-20). In the group of non-depressed patients, 83.3% did not have dementia, 16.7% had moderate dementia, while moderately severe dementia was not recorded in any patient. The difference in distribution was statistically significant (p=0.002). Correlation between the severity of depression (HDRS score) and severity of cognitive impairment (MMSE score) in the acute phase of stroke was r=-0.320 (p=0.084) and was not statistically significant ([Fig. 2](#f2){ref-type="fig"}).
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Considering the neurological status, significantly higher average values of NIHSS score (7.6) were recorded in the group of patients with depression than in patients without depression (5.2) (p\<0.001). A statistically significantly larger number of patients with depression had hemiparesis or hemiplegia (p=0.031) and dysphasia (p\<0.001). Correlation of the values of HDRS and NIHSS score in the acute stage of stroke was r=0.336 (p=0.069) in the group of non-depressed patients and r=0.462 (p=0.010) in the group of depressed patients ([Fig. 3](#f3){ref-type="fig"}).
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Multivariate analysis
---------------------

All the risk factors found to be significantly different in bivariate analyses of the groups of patients with and without PSD were included in binary logistic regression as predictors. Binary logistic regression was conducted in order to create a PSD prediction model based on socio-demographic and clinical patient variables obtained after their first evaluation (two weeks after stroke).

Dependent variable in this logistic regression model was the occurrence of depression, while the predictors were gender (female), bachelorhood, previous negative events, obesity, cardiac disorders, previous depressive episodes, supratentorial lesion, lesions in the left hemisphere, lesions in the front circulation, MMSE ≤25 and NIHSS \>6 ([Table 3](#t3){ref-type="table"}).

###### Model coefficients of the model for prediction of PSD (PSD FC model)

  Model variable                B       p
  ----------------------------- ------- -------
  Previous depressive episode   -14.2   0.789
  MMSE ≤25                      -3.21   0.012
  NIHSS (\>6)                   -4.00   0.004
  Model constant                16.6    0.754

PSD = post-stroke depression; FC = forward conditional; MMSE = Mini-Mental State Examination score; NIHSS = NIH Stroke Scale score

The model used in this research was forward conditional, in which variables are introduced one by one into the model exclusively based on the individual statistical significance regarding improvement of the model quality. Using this method, three statistically significant independent predictors of PSD occurrence were retained in the model, as follows: previous depressive episodes, MMSE ≤25 and NIHSS \>6.

Based on this model, the prediction accuracy was 96.7% (29/30) in patients without PSD and 90.0% (27/30) in depressed patients. The overall prediction accuracy of the created model was 98.3% (59/60). The Hosmer and Lemeshow Goodness-of-Fit Test was not significant (p=0.998), which indicated adequate model fit.

Discussion
==========

The real cause of these gender-based differences has not yet been determined in primary depression; however, the assumptions are mainly based on different hormonal influences and the social role of women in the modern society ([@r13]). Most studies have shown that women develop significantly more depression after stroke than men, which was also confirmed in our study ([@r14]-[@r16]). However, the results of the research that did not find an important gender difference between patients cannot be neglected ([@r9], [@r17], [@r18]), and so cannot be the studies demonstrating that male patients of a younger age developed significantly more PSD than women ([@r19], [@r20]). There also are opinions that PSD can be of a different nature in men and women, whereby physical disability can be of greater importance to men during the period when they are workable ([@r19]). Many studies conducted so far have caused a lot of controversy regarding patient age. As the most valuable findings, we should consider a systematic review of the literature, where the connection between age and depression was not found ([@r9]), reporting results consistent with our results. In our analysis of the patient marital status, we found a statistically significant difference (p=0.013) between the groups of depressed patients and non-depressed patients. These results are consistent with the findings of other studies, which show that patients who lead the life of a single person are more prone to develop PSD ([@r21]), considering that social isolation or lack of social support are significant factors in PSD development. In a relatively small number of studies, level of education, employment and socioeconomic status are considered as the potential PSD risk factors. In some of these studies, the connection between the level of education and the severity of depression symptoms was not found ([@r9], [@r22]), which is consistent with our findings. However, in one of the larger population studies conducted in the USA, the results indicated the level of education to be protective concerning PSD development ([@r23]). Furthermore, in our research, there was no statistically significant difference considering the percentage of employed people included in the study. Yet, in a long-term population study conducted during an average period of six years in a group of younger patients who were unemployed or lost their jobs, a significant correlation with PSD was found ([@r24]). These discrepancies among the studies considering socio-demographic status are somewhat expected, taking into account individual differences, different environments, cultures, religions, customs and education. All these factors, alongside the factors determined by stroke itself, create more or less suitable conditions for PSD development.

Negative life events experienced six months prior to stroke were found to be a high risk factor for PSD development in many studies ([@r25]). The results of our research are consistent with literature data. A negative life event experienced six months prior to stroke was recorded in a significantly higher percentage in the group of patients with PSD than in non-depressed patients (p=0.003). In our study population, the most common life events asserted where those connected to family, i.e. death, serious disease, conflict with a family member, or divorce.

Risk factors for cerebrovascular diseases such as hypertension, diabetes and heart diseases, all together represent diseases connected to primary depression. Furthermore, depressed people are more prone to smoking and alcohol abuse; in addition, overweight women are also known to suffer from primary depression more frequently ([@r13]). The distribution of risk factors for cerebrovascular diseases varies depending on age, gender and stroke subtype ([@r26]), but research done so far has rarely considered the influence of these factors on PSD development. The exception to this is a great prospective population study (N=134), with a conclusion that patients having survived stroke have a significantly higher risk to develop depression, independently of risk factors for cerebrovascular diseases ([@r23]). However, there are studies that show that risk factors for cerebrovascular diseases immediately increase the risk of depression ([@r27]). In our research, hypertension, diabetes and heart disease especially, were present at a higher percentage in depressed patients, but the difference was not statistically significant. In predicting PSD, it may be more important to observe the length of these factors, their severity, as well as the treatment administered than the mere presence of factors, since they are certain in patients who have a stroke. The only statistically significant difference found between our groups (p=0.014) referred to obesity, hence our results confirm once more that obesity is closely related to a depression disorder. Although the connection between alcohol abuse and depression disorders is well known, alcoholism as a PSD risk factor was not studied enough. Only one prospective population study conducted amongst young adults found that alcoholism before a stroke significantly increased the risk of developing PSD ([@r24]). Our research also showed that smoking and alcohol abuse were much more common in depressed than in non-depressed patients, however, the difference was statistically nonsignificant.

Most studies have shown that prior affective disorders are an independent predictor of PSD ([@r21], [@r28]). In our study, none of the non-depressed patients and 60% of depressed patients had prior depression disorders, yielding a statistically significant difference (p=0.019). In these patients, PSD could be just an exacerbation of earlier mood disorders, i.e. the situations in which somatic diseases just reveal the existing mood disorder. Logistic regression analysis in our research indicated that previous depression episodes were independent predictors of depression developed early after stroke. In our research, none of our patients had verified some other psychiatric disorder in periods prior to stroke. In other studies, positive family history of other psychiatric disorders was significantly connected to major depression after stroke ([@r29]). The hypothetical mechanism is genetic vulnerability. In our study, the difference in the familial history of psychiatric disorders between the study groups was statistically nonsignificant (p=0.094).

The connection between lesion location and PSD was a subject of many studies ([@r7], [@r30]). Many important studies found PSD to be more common in patients with left-sided frontal lesions or in basal ganglia in the first months after stroke ([@r8], [@r31], [@r32]). However, many studies did not find any connection between depression and lesion location ([@r33]). There also are opinions that these findings reflect different behavioral presentations of stroke, since patients with left-sided lesions have catastrophic reactions, whereas patients with right hemisphere lesions are characterized with loss of situation insight and neglect. These behavioral differences decreased with time ([@r33]). In our research, we did not find any evidence for PSD and lesion location connection. Depression is not more common in patients with left frontal or left basal ganglia lesions than in those whose lesions are localized in other sites. Our results are consistent with the findings reported by Carson *et al*. ([@r34]) in their meta-analysis, which is in all likelihood the most comprehensive meta-analysis in the literature. This heterogeneity of findings concerning connection between PSD and lesion location is in favor of those who report that PSD (at least partially) is a manifestation of cognitive and functional damage rather than the result of damage to certain brain regions ([@r35]). In our study, a higher frequency of lacunar stroke was detected in non-depressed patients and of partial strokes in depressed patients. However, the differences were statistically nonsignificant (p=0.375). Schmidt *et al*. showed that patients with silent strokes suffered more cognitive impairment and depression symptoms than those without them ([@r36]). These findings could suggest that PSD might not be a consequence of only acute, clinically evident strokes, but also that silent strokes could be directly related to depression. However, many other studies have not considered silent strokes as a potential PSD risk factor ([@r35]). In most of our patients, silent strokes were recorded, however, the difference between the groups was statistically nonsignificant (p=0.159). In search for PSD predictors, Starkstein *et al*. found significantly larger subcortical atrophy in patients with major depression, with assumption that this atrophy makes patients more prone to develop PSD ([@r37]). However, there are studies, which found no connection between depression symptoms and cerebral atrophy, which is consistent with our results.

The natural connection between depression and cognitive dysfunctions represents complex interaction among depression, cerebral lesions and cognitive impairment, but depends also on numerous factors such as age, gender, education level, length of time elapsed after stroke, depression severity, and the side of cerebral lesions ([@r38]). While some researches find that cognitive impairment leads to depression symptoms ([@r39]), others indicate that PSD leads to cognitive dysfunctions, partially reversible, if depression disorders are in remission ([@r40]). However, some researches show that these two are independent disorders ([@r29]). Furthermore, there is a popular assumption that cognitive dysfunction and depression develop as a result of a third factor such as serotonergic dysfunction caused by left hemisphere lesion ([@r41]). In our research, we found that cognitive impairment was significantly more severe in depressed than in non-depressed patients (p\<0.001). Difference between the study groups was also statistically significant regarding cognitive impairment level. Multivariate logistic regression analysis in our study indicated cognitive dysfunctions to be independent predictors of early-onset depression after stroke. Nowadays, the real PSD prevalence is unknown in patients with aphasia since most researchers exclude patients because of moderate to severe damage. Broca's aphasia is more commonly connected with depression since these patients are more aware of their damage ([@r42]). The behavior of patients with Wernicke aphasia is described as euphoric, rarely scared and paranoid, but never depressive. In the present study, we found significantly more depressed patients with dysphasia compared with non-depressed patients (p\<0.001).

The severity of the initial neurological deficit can be considered as the most important predictor of functional disability. A more severe neurological deficit is most commonly the consequence of a larger cerebral lesion that affected the areas that are involved in cognitive functions and mood regulation. Most studies performed so far indicate that depressed patients have significantly more severe initial neurological deficit than non-depressed patients ([@r18], [@r24]), and that the severity of neurological deficit is an independent predictor of PSD ([@r12], [@r43], [@r44]). This was also confirmed by our results recorded in patients having developed early-onset PSD. The average NIHSS score was significantly higher (p\<0.001) in depressed than in non-depressed patients, as well as in patients with hemiparesis or hemiplegia (p=0.031) and dysphasia (p\<0.001). In addition, none of the depressed patients was without extremity weakness. Ataxia was not found in depressed patients, while in the non-depressed group ataxia was present in about one-quarter of patients. This less frequent connection between ataxia and depression is probably linked to the fact that ataxia is a consequence of cerebellum or brain stem lesions, which are parts of the brain not involved in regulating affective or cognitive functioning. The other possible explanation would be that ataxia is less unsuitable for patients in psychological sense than extremity weakness or dysphasia. Our findings could not be confirmed since there are no comparative data or similar analysis in the available literature.

Considering study limitations, this was a single center study that enrolled a relatively small number of patients, so future investigations and more extensive studies are required.

Conclusion
==========

Post-stroke depression is more frequent in female patients, obese patients, patients who are single, patients who had a negative life event six months prior to stroke or had prior depression episodes. Our results showed that the independent predictors of early-onset depression after stroke were previous depression episodes, cognitive dysfunctions, and severe neurological deficit.
